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mm v- Km® «-*f ft vkms ktah x o izmzizft 
**LLfcf!R3itaottieS i wasc** Lxtttn-t&m 

luieis 2 siHtwiart-s <fc 3 ^miess 1 WHitess 

ix^^Jfctti-tSJt^xS -v9k . SrftflIU sulfi 

ley- bmffifc#fflf-&fe§^Mfe&HgW-tfci£i££ 

tjfttJS 1 £ fzli 2 KiEi!^M^«^£&SftliS§i§ 
«. 

[|*&JS4 ] W*3S 1 ttS3 <o^-m*>Kiett<^B<o 
MIBct»®tfJfi*S:lulBSSy -ydf^icrtaiL-cy -y* 

iwm 5 ] frisy -y*9smiiB5fc* ■* ximx-h %> z 

[|**JI 6 ] MIS* y- K«fiSfc MIB^*- hWMt com 

[0001] 
[0002] 



tnftmwzmt LXit. xtryb (c. a. s P indt) W 

**. Journal of Applied Physics, Vol.47, 5248 (197 

6) izam Ltzmmmmm. ftmswrnrnm^ e> nx 
{cHittt^x s y y t . x = v?<v 2 m%t>*®mth J 
[0003] -rtijc^ lt , imomRmftmismmm 

W-COfflm&lzmfr. y'U-y (R. Green) &l/y*W 
(H. F. Gray) Wiz£ *)WmZtl1z (Tech. Digest of 
1EDM 85, P 172 (1985) ) . ^«0«IMfcitJiL&l*«§S 

MUiKffltt-f &<fc a {caeift^tL^xs -y y t y- i-m 
afc**-*-*.. mmcom^w.mmimmmmii. Has* 

[0004] mmcom^mmm^mmmmcot^. ?- 
h«®-*ti*i-rax5 -yyaaffiii, SMicMLTfi:^ 

^(fatwfcV^T. X*-yyWJ#ffiScO80~5 0 0nm 
SKO^JS. ^ffi^^li: 1X40-2 5 0 nmffl 
¥<r>%Wg.*^-?h. t*»L. PIxS •yySSHfi. S« 

5-yySffifi, 3<X7ET(±^r< 2<?5c6Wrffe«SL*^: 
frttftlzm^X . 5 0 — 1 0 0 n m^JS^J'ciiJJStC® 

Mit^s^B&^y 'J * . 
[0005] m^tktam.mm^mk lx, y? 

fcO#«*3*tT^S WHHF1 0-1497 
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y a \&* -*>~r-y ^ a- y £ *«S*£*iJi;:#Sfc3 * T 
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tC77-^y£jtte#-;tfV^yf-i-y£CVDffi^ 
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je, mmt. mmcr>®M,z%?co&x', 
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mm* v^mwzimLxx v^wmzt&tztizx 
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#5Xfi^ftSt£3 2# { iei£$;ru 3 2 
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fctt. ^B^ftjimM*>ry-K*ffi3 6i:. mftfo 

[0 0 2 3] C!C0^«MMil*^^i3V^-C(i:. 
f7'fyl4t*y-K7-^ VI 2i:Srt»LT#li*t- 

b y -y ?>UBI&fc J: 0 . fyUt4\ b V 1 4 2:18 

[0 0 24] S>4 lO«y-'-h7^yi 4 fc$>4 lOO 

H-Ztlt&f. ZCDfr—hyJ VI 4i:^V-F7-f V 1 
2 fc «0^fcJ> S 15 7^2 6 <7)^A 5 i&fFt4 

^26 i oscaiSftfctt^i, ry-H«fi63 6(cepjD 

[0 0 2 5] 030^#lK. 15 7^2 611 #V— 
h'«ffi2 2(7)^ffl!lffl2 2 ajgff {cStRW^ffM^ix^ 
^«^< y*«4 2 t , 7^14 2 te#8fcKJB?jfe 

»#:44£. £WI-t4. ^Jl&OffMIJCi^T . & 
y ^r«4 2 (4«»imaj£ffitt^Kfi^-*-^£tJ 

4$4«^£JW^4ffi^fcLT«fiH-4* 
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«, «^.{i'BS.t/"P, gV^tiPTFE (^'J^h57;l- 

^oxfuy) zzx\ ■£m*-y*m42 

tUNi-B- P^iON i * y * B£ffiJB-f4*§-£\ 
B«3M0%, P»KJ±7~4 0%fcl5bS$ft 
4. ttz. &**7*«4 2i:LTPTFE*#Ni* 



•y*«£ffiJ?W4*^ PTFEiftJg{40. 1~3 0% 
tCtS5g$fr-4. 

[00 27] ^R^-ydfJ14 2{±. #V-FS*2 2*> 
ttftffiffi2 2 a.±.<r)MzBJ&ZtiZ>1)\ J&Wt. Ztllz 
MUX. i3i**<. «[ftlllffl2 2ajg^*y- 

H«S2 2<0±H (Ty-h'*ffi3 6l:^nS) <0 

3IW^-2 2bO^$L 1 <B93*BB)I±. XrV-l 4 * 
S 2 2 O±BS£fl«0£ 5L0CSU2 5 %KrF«0*S 

mco&ttnfrtfm&mzx. s -y ? t Lxwmx-% 4 fc 

#K £*l£Lb&*.X -y *«4 2 £ffilbLT kSftlll* 5 ^ 
frhX-foh. 

[0028]-*- a«M4J4. #-*y-^y^A- 
y<0«fc o&EMfctt (H3ttJUT«WJ«54 4^*Kk 

04 ( a ) \mm^A AW*i-xyi-yi-*--7<n& ? 

&ffi}i#4 4 at*l»i^it. ZC0%&. WWf-4 
4 acO#<(i. SSB^JK^ 7*14 2{3S*a^ilT 
±SB#iS y ^ 2 6co<$mizmtiii- o% 

tfmzB&tz. m*±. »«*4 4a!i, £xw&m 

* -y*«4 2lzX <0m< WhttK-oZilizMm LTx 5 
•y ? 2 6 co*ffi{cfiigS* s aia-t«> <£ 3 ^«Fj.?r^fiSc-f- 
4. 04 (b) \mMfc4 4tf? z 7-\>>V<?)£0 

^n^.W-4 4 b TS)^«^r2r*^c Z<7)%£. %1W^4 

4bti — sBt^^as-rs <t ^ kasm >y*S4 2ta 

2tcJ: Of?<S^itfioC:fL(cMjeL-CX= -y^2 6<7) 
[0029] Wfc±tzlZ^*%~t®8Mk4 4(i. XS 

•y^2 6o« : fScai»tt&i6i±^-^«'^^ m/j^^ 

14. W*4 4«T'l)5f^ 1 ^cn^mt 1 0 0 n 

fc. 4 4 ifWtt.X'fo & . ^0«<7)fl^@ 

(45 0 nml^T. »4 L<(41 5 nmRJaTfcKJESft. 
4. 

[0030] SW*4 A#*--#VlrS+*.'-'f0>X> o 

tf>. »^<7)tSfflf*t4 4(4. ^-'-M:ti2 4{C(S]^di:d 

^4 4 %¥f%Ml 6cV¥iB&£MC0lKti ir )lTlin (0 
1 &tA0 3 ipWyK^rfi] ) izMLX±2 0 * Oft^luBI 

F*itcISr*] $ ixfefJ-^* 5 5 0~ioo %xh hzt tfimt. 

[003 1 ] zcr>£ r> W^t»4 4 OEfafW 
(4. SBfii" 4 i 3 {c. 4 4 Sr^SS^JgjS^ -y 
*mZW8LX* v*9mZ?fo^ *V-K«ffi2 2 
t y_ ^a;|g2 4 t WBIfc:***»*t4 - 1 i 0^ 
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t . *«tt«8Wffl*4 4 U . * y- H*fli 2 2ky-h 
MM2 4 ktf)ia<o«5KO«SR*t*K«-5T±fcillfll*<i 

[0 0 3 2] 4fc, ^bc<7)«»4 4{i, *V-K«« 

2 2 1 y- vnm 2 4 1 <?m ± 3 sr^v •> & ^ 

T«bSt, M®E22. 2 4B£*3*S£-<±-l>-i:i: : &- 
6. <yU«\ ±iGtf>J:-3fc, mVM2 2. 2 4fflcomffi. 
*>'ljum~30j« mnilll fcSHWfcOt* 

flBfrf 6 i 3 fcs '0»fr4 4 SIBKSL 15^268 

ycy- \-mmsi2 amzmmm^th - 1 

[0 0 3 3]iSi«4 4li, M4L<«. ^-#>-^y 

f. JL -y£t 1 i±yy-uyfrt>*c&W. zcomcottfAfr 
tfittB#4 4 Zki>"C&h. «Sft4 4 <0fc 

wpk ncymf-nmj) (nea) AJR*m**« 

ffl-ri>it* s -C^-S. ft#WCIl LaB 6 . A1N, 
GaN, Mo, Ta, W, Ta, Ni, Cr, A.u. A 

g, Pd, Cu, Al, Sn, Pt> Ti, Fe, 
tfy. ?77T4 K ^ttyH. Si t TiN,T 
iC, ^— SiC, Al 2 0 3 , ZnO, 
•7dfb'^tt<0ZnO^, (JdKT/t-S-^A (9A1 
2 0 3 • 2B 2 0 3 ) , fc<t7 0-ttt7)IJ5ir/P 

< , m#:4 4 nnmzmm&ntfmfrhtchimmA 

[0 0 34] Srfc, ±2m-*>t/fi-7M7 

5 mii t run®. £ ix^ c 6 o x-h 0 . ^mmm 0 . 7 

nratftS. C 60 H. IE2 0Ktt?)l 2 {I^5^it(C=Sr 
-5-CV^TajS^TW*i:-rwtfcJ:-5T-C&SflJJH2 
0®tt (fe$kmz3 2mfo) »H^T(:sp ! ii5l 

c 76 , c 82 , c 84 , c 90 , C 96 , ■■■„ C 2 4o , c 540 , 
c 7 20 ^'H«W(c*PR(c#^l>. 

[00 35] tTt. 7 5-l-'V<75P , qgl?(i*^T*$)&^ 

&<ky7—uv<7)Wz&fcy ; 7—\'VW3.tz&e>£ 
o \znm i> o 4 -? jt — jf vso 7 5 — v vtmn. l , 

-uyfc:tjJt6#Jiia<olEBUiO. 34 1nmk5:2,„ 

Wijar. c 540 o«fi:c 24 o ^ao. 5ec*<o+fcc 6 , 
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^Ao7t7 5-Wy<iC 60 @C 24 o @c 540 T'^£il 
ddTlB-f- r @j Ji, -ecomi^ieSS^ix^^v^ 

[0036] y=y-\<<v\±. %<?>*Q<nt\W>z& 

\ . •&&mi&z\kifix'%h. z<?>£o%&mft&7 ; 7-i<' 

> vcr>®\\&. La@C 60 , La@C 76 , La@C 84 . La 
2 @C 80 , Y 2 @C 84 , Sc 3 @C 82 3rC&£. Jg.lz^ 
I yy-U ycrygl&Uft N , B, Si WcOjfcmiWmTt 
l mi^A,tz^r-nyy—uyhW\^tlX^h. 
i [0 03 7 ] yj—v y{is ^577^ h(C*tLTW— 

[00 38] x5«/^2 6i:*tl*|-riy-^aj 

gP28«i. y-h-%m24<?>tt$\{sm24a±.izmwb 

; tK«<^B8R<0Sfcffl*4 8 1 , 5rSffi^«» . h^ft® 
i . 28cr>i£m?<y*m4 6&MK*tMfc4 80:, ^iSv 

fi ^26 ^jRy -v*tm42 mtffliMW-4 4tn ttiwfr 

MEfii2 4(c:IE^G* f f+4-StT-i.J:, h§§ 
r ffigl52 8O^J«P<-7= J fii4 6c0)l$R?/'W«£4 8W^ 
IS -y^2 6«^JS^ •y d fS4 2<0J* S&tfSfcfffl 

1 #=4 4c7)^ai0t/h$ ; 5:tc r )i: : 5rl>. 
k [0039] 3(s|l»^ JKBt« * «tM«**^ai^^K 

(D . y dfJf4 2*^U"C*y-H«ffi22KS«rSil&. « 
4 oTfitMtt44li*y-K«S2 2fc3a<H*Sft, 3S 

7) [00403 i5 7^2 6«tl^'^I4 2l: 

6 ffiStX.-y=3fa^V»(iPTFE-&*N i P< -y^«* { ttffl$ 

2 it*. ffita^ y ;J fa4 2{cJ;-?-riti>iKT*^ 
® t ^ i 1 1 i 9. #x 5 2 6 fl^ift 

k fcisfr'j^tt, sstA^x hmmizx ->xwm 

ittfy<mizi&WZtl&. Zco&lzmL, ti&fcco 
[004 1] 16 (a) — (c) {4*^BH^glJO^M«0 

7 mmizi^mm^m^mmm^mmmm^wkmiom^x 
wmz^mxh *) . zcogkmimiM^mmzmm 

60 iSTffit***. 
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[0042] m^mv&mm. 1 6±.iz&mm 

<r>J] V — H«fi2 2S.t>'^JRS^y- btt®2 4 
Ui. i^-C. *y-h*«ffi2 2atf^*-h«S2 4 

m2\m®X>tz. £fc. *y-Ktffi2 2^'-M 
®24C0H^> <y7*li, X-r>/^^co3I^S^fflV> 

[0043]»:l:, #V—VWM2 2RXf'y-VWM2 
4(7)m^Z*tm-f&tt&l®m2 2ai. 2 A aCD^mth 

§«±ai:< M1122iy : 245:^7 i fl/yxM 
5 2T*SLfc (06 (a) ) . 3r*3, •X-y^fVv^h 
H52(i. *f|6]{llM2 2 a, 2 4 a<0i£$tfDMlSi2 2 
»tf 2 4^)±ffic7)gP^-SriiJnW«c^tBS-ti:S 
■rS^fcfCi'-&. fit, Cl<7)ii-£\ jIJPgP^-2 2bc7) 
I?L1 (03#BS) li, XrV-H«S2 2<0±H^* 
<Dft£ L 0 fc#t LT 2 5 %mTcO*§ J: 3 <cl&5g 
S&l^t ^••/=3fL-> ? Xh^5 2{i. X5y?26 

^^-rs^y-H®s2 2<7)*t[*fiiiffl2 2 &<7)&£m 

[0044] mz. M&7l<. 1 U >y hMzftLX , Kit— 
7 ^2 5g, ftMOASr^HJ^i^ Og, BfShM- 
iJ«7A10g, ^lyStb'JWlOg. t531?30 

g 0>w&r»a> t , >>*m4 2. Aemcomvw 

5 KWSL.Jt#!i«»N i - B - P^SSU -y 

Lfc. Z\<7>* v*m¥\Z, fJttB«c4 4ksflr*7 9 

i-y 5 0 g t . * -v * ft 5 6 rtTUBtfc J: 0 
S8»3 KIOSKS* y*i£5 4 SrHMUi. <K 
SiS^ -y=*S£5 4<7)&K£f*;8 O'CJcfltfSbfctf® 

t\ *y-F«ffi2 2„ 7-ymm2ARTf*'v*^i/ 

(06 (b) ) . 

[0045] ^ nmmMx v *nmz&) 3 ^wr^ tz t 

z\h. saiUfc*y-H«ffi2 2&Vy-M8S2 4<»3- 
#tfallffi2 2a, 2 4aiC, Ni-B-P^illl 
fit^y^/l (^7^14 2. 4 6) tK $)3umcr> 
mZXBfSLZtltz, 4fc, £<ORL 1011*4 4 2:% £7 

fc«fcBi-4fc», 4B>7*14 2, 4 6(1 6Jfcifffr4 

[ o o 4 6 ] bp*> . ±ie*i«»^ v jfMaj- J; o , * y 

- VW& 2 2 RTfy- h W& 2 4 Ottfafflffi 2 2 a . 2 
4 a±tc. 5**&Jg* •y J fJl4 2&lWfflffc4 4*><o& 

sxs7^26i. ^m.* •y*a4 6ai/at*B*4 8*» 

£>%.§> y- h m&B 2 8t£ WfSZtt Z t ifX'% tz . & 
33, ii y- FUSE 2 2 t y- hm«2 4 t <0Pb1O#7X 



a. mim^commizmm^m^pmcomm^-t tm 
m<r>mmL\m&mwm.*nh t\ t &x » ( a 6 

(c) ) . 

[0047] .TiTIi, *«S?^-y ^JtOa Srtr-o 
fcfcft .157^26 tfO^JS^ y ^fS 4 2 tf>JPS Rtf « 
W*4 4i?)^t. y-b^ttigP2 8c0^m^-y d fil4 
6<0J*$XW f fiMffl*4 8<0W«4:««*U^<0k«:-5 

[0048] H6E8*tf«Srta=J: OSS^L^*!?. 

1,1=7^2 6ft«<Cin*>S 1 0 7 V/c mtLh(cS. 

y- 2 2 1=« LT-aiBSrfMWJ 2:^^ . MMt2> 

^•ydfS4 2*L-C7 7-U-^^Jt{i*-^'i / -7"y^J ! - 

i£*rLTt±, xs-y^cofjst^^^ix, ^^%m 
[ o 04 9 ] srfc. ^mmermmcnmwiz^xii. n 

1 -B-P^*«fg»Sl^ •ydfS4 2cO»6l^'7Xh^ 

* t> o , «aawB£5gtta* 2~3 0%iri±u 

tfcM ox 5 >y 9 1 itmtX . 5fe«gEc7)ft*¥SSr^*S 
{CffiM-T-S.-lt^'Tl'rs^ Mftc^Wi. 157 0-300 
nraH$51-30nm (CffiM-f & •! ^ # Jt . ^-<?5 

SB«J«Et>. *n 0 0VA>f,|i)7VM:»ffi 
itS-i:^^. JBU6W»lb- 9 t o r r 

10-Horr {cffiT^-S> t . ETISSifffiTfHR 
IfcMoiS'y^Hi. *{H«aEffl<i**>l/l 0 

[0050] 07 ( a ) ~ ( c ) 5i*%BJcy)^{-giJcO^ 

mzmm^mx-h^. 

[0051] ft.-?. me^^m^MMtnuiz. n 
yxm^nmmie±iz^mmco^v-] i m&2 2SL 
xs&mk<?>¥-hmm2 4&mfttLtz. z\z\x\ *v- 

H«ffi 2 2 h mil 2 4 fi . ^tfD^IMftaJSlx 

iztm&m^mmz^n&L. itttoiv^ 

^y— K«S2 2a^-b®ffi2 4coav>fc*tlfl]-rS 
*tr&]iJ®22a, 24 a2rStil$^i»J:3«C. M^fii2 
25.t/24S-p<-ydfl-> ;: ^bM5 2T«fflH;fc (07 
(a) ) . =5nB. ^•y^l^v : XhK5 2tCj:l>Mm«i2 

2 mf 2 4 waaefflti-Bfiw i o iz^w^M^xh h . 
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0, xS-y^2 6ky-hS8ajffl28k*«BrL-CW« 
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